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Abstract 
In view of the problem of the relatively low level use of iron tailings with low technology and low value-added, in this paper, a 
formula is developed to prepare the glass-ceramic product based on the full analysis on the particle size and chemical 
composition of iron ore tailings in Damiao, that is, a test to use differential thermal analysis to determine heat-treatment system 
of glass-ceramic product. The test results obtain the conclusion that DTA is exactly same as orthogonal. Therefore, it indicates 
that the DTA may provide a reliable guide to determine heat treatment system of glass-ceramic product. 
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1. Introduction 
Tailings is a kind of solid industrial waste after separation. With the rapid development of the iron and steel 
industry, the proportion of iron ore tailings in industrial solid waste is growing faster and faster. According to 
incomplete statistics, the total amount of cumulative iron tailings is nearly 2 × 109 t [1]. In western area of Liaoning, 
the amount of iron ore resources with easy separation is small, and a majority of them are low-grade. Low-grade 
iron ore can produce more tailings during the separation process, and a large amount of tailings will produce great 
negative effect on the environment. At present, iron tailings are mainly used in the area where high technology is not 
required and the value-added is low. If the tailing of low ferrosilicon can be used to make high performance and 
low-cost glass-ceramic, it will be significant to achieve the comprehensive utilization of resources and to improve 
the use of iron tailings to a higher level, moreover, it will also improve the ecological environment. If the process 
can be proved to be successful, it will promote the region's economic development and social progress in western 
Liaoning. 
If the sample and the reference material are heated or cooled in the same conditions, DTA under temperature 
controlled by the program can measure the relationship between temperature difference and the temperature, and 
then give relevant information of material structural changes. This method has many advantages, for example, the 
operation is not only simple but also has high accuracy, and the impact of environment and human factors is smaller 
 
* Corresponding author. Tel: +86-418-3350471. 
E-mail address: wangxiulan1974@163.com. 
187 -  © 2009 Published by Elsevier B.V. 
doi:10.1016/j.pro .2009.09.118
8 5220
eps
Procedia Earth 
and Planetary 
Science 
Open access under CC BY-NC-ND license.
 than other methods. 
2. Test research 
2.1. Raw materials and equipment of test 
Raw materials for test derive from iron ore tailings of Damiao, and the model of the equipment used in the test is 
the STA-449C-differential thermal analysis instrument.  
2.2. DTA test [2]  
From the full analysis of the particle size and chemical composition of iron ore tailings in Damiao, detailed glass-
ceramic formulations of different nucleating agents and quantities are listed in Table 1. 
Table 1. Formulations of different nucleating agents and quantities 
Number of the formulation No.1 No.2 No.3 No.4 No.5 No.6 
Additive — TiO2 TiO2 ZrO2 Cr2O3 Cr2O3 
Dosage (%) — 2 4 4 2 4 
According to the Table 1, it is important to weigh strictly with electronic scale in proportion to the glass-ceramic 
formula, then to grind about 200 meshes in the prototype system and select small samples respectively for the 
differential thermal analysis instrument. The reference sample is α-Al2O3, and the heat rate is 10  per minute (Fig. 
1). 
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Fig. 1. DTA curves of different glass-ceramics formulations 
We can see from Fig.1 that the DTA curve of the No.1 sample has a sharp crystallization peak. However, because 
the height of crystallization peak is low, it indicts that the component of Fe2O3 in the iron tailings plays a role as the 
nucleating agent. The number of the nucleation formed in the crystallization process is small, and no more thermal 
generate, what’s more, the required crystallization temperature is also high. In fact, fine crystallization products can 
not be produce by this formula, therefore, it is necessary to fill other nucleating agents. Because of a small amount 
of nucleating agents added from No.2 to No.6 samples, shapes of crystallization peak have a clear improvement, the 
crystallization heat-generated and the number of nucleation also have an increase, which shows that nucleating agent 
is effective. Comparing curves of No.2 and No.3 with No.5 and No.6, we can find that crystallization peaks of No.3 
and No.6 are suddenly increased in the glass matrix with the improvement of the content of TiO2 and Cr2O3. It is 
obvious that the quantity of nucleation also increases. Form the above results, we can speculate that the content of 
TiO2 and Cr2O3 is 2 percent, and the glass substrate may be surface crystallization. When the content of TiO2 and 
Cr2O3 is increased to 4 percent, overall crystallization results may be obtained. However, the peak height and peak 
shape of the No.4 curve are similar to these of the No.2 and the No.5. It shows that the amount of nucleating agents 
should be increased if we want to get overall amount of crystallization. Some researches have shown that different 
nucleating agents have their own characteristics, and we can achieve double-alkali effect by using composite 
nucleating agent[3]. Suitable ion packing density can promote the dissolution and reduce the interfacial energy, 
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which reduces nuclear activation energy. In this paper, TiO2 and Cr2O3 are used as a compound nucleating agent to 
make a further study. Detailed prescription can be seen in Table 2. 
Table 2. Experiment scheme of composite nucleating agent glass-ceramics 
Number of the 
formulation No.7 No.8 No.9 No.10 No.11 
Additive TiO2 Cr2O3 TiO2 Cr2O3 TiO2 Cr2O3 TiO2 Cr2O3 TiO2 Cr2O3 
Dosage (%) 1 2 1 3 2 1 3 1 4 1 
Repeating the above trial operation, then DTA results can be seen in Fig.1-2. 
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Fig. 2. DTA curve of composite nucleating agent glass-ceramics 
We can find from Fig.2 that, the height peak of the crystallization has no significant change even if Cr2O3 content 
reaches 3% when the TiO2 content is 1%. The basis glass does not achieve the overall crystallization. When TiO2 
content accounts for 2%, the amount of nuclei suddenly increase in the glass substrate even Cr2O3 content is only 1 
%. When TiO2 content is increased to 3%, the maximum nuclei can be obtained. While TiO2 content is up to 4%, 
crystallization peak will reduce, which indicates shows that the phenomenon of absorption is produced because of 
excessive number of nuclei formed in the glass substrate. In this situation, it is easy to create larger crystallization, 
but the mechanical performance of products reduces. Obviously, too much nucleating agent can produce negative 
effect on the crystallization process. Therefore, according to the test results, we can determine that the optimal 
nucleating agent dosage for TiO2 and Cr2O3 is 3% and 1% respectively. 
Analysis of the test results show that, many uniform distribution of microcrystalline will form in the glass 
substrate after reasonable heat treatment to the No.3, No.6 and No.10, which greatly improve the mechanical and 
thermodynamic performance of product. In the test of compound nucleating agent, it is obvious that TiO2 plays 
more important role than Cr2O3. So in this paper, the No.6 plan was given up. Which is more suitable as nucleating 
agent for No.3 and No.10, it will be known by calculating the crystallization activation energy. From the result, we 
may be concluded that the one which requires less energy is the optimal solution.  
We can see from Fig.2 that there is a clear endothermic peak near 800  for the No.10. Because glass temperature 
reaches the annealing point, there appears a slight thermal absorption[4]. Research has shown that the optimal nuclear 
temperature is between the annealing temperature and the temperature which is 100  higher than annealing 
temperature. Therefore, it can be firstly determined that the glass-ceramic nuclear temperature is in the range from 
800  to 900 . In addition, from the DTA curve, it may be found that there is the largest exothermic peak when the 
temperature is about 1120 . The temperature of exothermic peak is equivalent to the highest crystal temperature of 
the glass-ceramic, while the optimal crystallization temperature is 15~20
peak temperature. So the crystallization temperature is about 1100 . 
2.3. Design orthogonal test to determine the optimal heat treatment system  
In the heat treatment process of glass-ceramic, an interaction relationship between the nuclear temperature, 
nuclear time, crystallization temperature and crystallization time exists, and each of four parameters has a best 
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 value. Therefore, glass-ceramic products will have the best performance after the heat treatment composed by four 
optimal parameters. According to the proportion of the No.10 formula, it should take 9 test samples and each sample 
will weigh about 20g. Each sample will be put into the mold. Under the pressure of 40 MPa , these samples will 
forma round cake with a diameter of 5 cm and a height of 2.7 cm , then put into the heat treatment furnace. Samples 
should be removed after cool with the heat treatment furnace. According to the measurement of volume shrinkage 
and bulk density, and through orthogonal test of three levels with four factors, it will be concluded that the optimal 
crystallization temperature is 1100 , which match with the conclusion of differential thermal analysis. 
3. Conclusion  
(1) DTA can be used to determine the system of glass-ceramic heat treatment. In the process of study, by using 
the differential thermal analysis technology and measuring different phase of the crystallization temperature, we can 
purposefully control crystallization temperature to produce the dire main phase and achieve the required product 
performance.            
(2) Though preparing glass-ceramic, the use of iron tailings can be improved to a higher level, which opens up a 
new way for comprehensive utilization of the low ferrosilicon iron tailings. 
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